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EXPERIMENTALIWw?@STIGATIOllOFSOME~OD~~IC EFFECTS
OFA GAPEETWEENWINGANDBODYOFA MODEREIWLY

SLENDERWING-BODYCOMBINATIONATA
MACE~ OF1.4

By DuaneW. Dugan

SUMMARY

Theeffectsof stresmwisegapsbetweenwingandbodyuponthelift
andpitthingmomentsof a moderatelyslenderwing-bodyconibinationata
Machnumberof1.4areexperimentallydeterminedandcomparedwithavail-
abletheoreticalresults.Theinvestigationincludestestsinwhichthe
angleof attackisvariedwiththeall-movablewingat zerodeflection
andalsotestsinwhichthesingleofwingdeflectionisvariedwiththe
bodyat zeroangleof attack.

.
Resultsoftheinvestigationshowthatthelsrgelossesin liftdue

to gapeffectspredictedbytheoryarerealizedonlyforanglesof attack
4 or ofwingdeflectionnesrzeroandforg= widthslargerthan~ percent

ofthewingsemispan.Thepercentlossesin liftat allgapwidthstend
to diminishasthemagnitudeoftheangleof attackor ofwingdeflection
isincreased,andforgapwidthslessthan1 percentofthewingsemispan
areverysmallexceptatanglesnearzero.

Theeffectof stresmwisegapsuponthechordwisepositionofthe
centerofpressureofthedeflectedwingisto causeittomoverearward
forsmallgapwidthsandforwsrdwithwidergaps.A correspondingeffect
occurswithrespectto thecenterofpressureofthebodyinthecaseof
wingdeflection.

INTRODUCTION

Theuseof all-movablewingshingedtothebodyinmissiledesignhas
posedtheproblemofthenatureandextentoftheaerodynamiceffectsof
thegapsassociatedwithsuchanarrangement.In additiontotheclesrance
requiredformechanicalreasons,a chordwise-vsz@nggapbetweenwingpan-
elsandcurvedfuselageis createdby thedeflectionof thewing.

It has longbeenknownthatforsubsonicincompressibleflow,theory
9 predictsthateventhemostminutestreamwisegapinthemiddlepartof a

wingresultsina relativelylargelossinliftanda corresponding
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increaseindrag(e.g.,ref.1). Morerecently,effectsofgapsuponthe
liftof slenderwing-bodycombinationsat supersonicspeedshavebeen
obtainedtheoretically.Forexample,Mirels(ref.2) obtaineda resultfor “
thecaseofa slenderwing-bodycombinationatangleofattackandwith
a gapbetweenwingpanelsandcylindricalbody;inaddition,he gave’an
approximationfortheeffectofa chordwise-constantgapinthecaseof
thesameconfigurationbutwiththebodyat zeroangleofattackandthe
wingdeflected.Inreference3 theeffectsofa gapuponliftwere
obtainedfora slenderwing-bodycombinationanditscomponentpartsfor
thecasesofbothangleofattackandofwingdeflection.A methodfor
estimatingtheeffectsof streamwisegapscm a numberofaerod~amic
characteristicsoflow-aspect-ratiowingsat supersonicspeeds,basedon
thereplacementofa bodybya perfectreflectingplane,wasgiven in
reference4. Ineachofthesetheoreticalinvestigations,basedasthey
wereontheassumptionofan idealfluid,thepresenceofan infinitesi-
mallysmallgapwasshowntoresultin considerablelossof lift.

Tothewriter~sknowledge,littleexperimentalinvestigationofthe
effectsof stresmwisegapshasbeendone.An earlyexperimentat lowsub- .
sonicspeedswitha wingofrectangularplanformhavinga gapinthemid-
dle(ref.5) Indicatedthatsignificantlossesin LLftandincreasesin
dragoccurredforanglesofattacknearthoseforzeroliftwithgapwidths
onlya fewpercentofthechord,butthattheseeffectswerereducedat ●

higherangles.Reference6 includesdataobtainedat supersonicspeed
foranall-movablewing-bodycombinationhavingtwosmallgapwidths
(0.0057mdO.0220wingsemispsn).As nearlyas couldbe determinedfrom c
thedata’presented,6-percentlossinliftresultedfromwideningthe

—

gapwhentheangleofattackwasvsried5° eithersideof zeroandthe
wingwasunreflected.Again,littleorno effectsof increasingthegap
couldbe observedatlargeanglesofattackorofwing deflection.Refer-
ence7 containspressuredataat a Machnumberof 1.9fora wingandbody
simulatorplatehavinggapsup to0.50inch(0.143ofwingsemispan)
betweenwingandplate.Briefly,theresultsindicatedthatforlow
valuesofliftingpressuresthegapeffectsuponpressureswereLarge
withrespecttothewingbutslightwithrespecttothebodysimulator
plate,andviceversa.forlargerliftingpressures.

Sincethetheoriesreferredtoabovecannotbe trustedtobe valid
intherangeofverysmallgapwidthsnorforotherthansmallangles,
andbecausetheavailableexperimentaldataareinadequate,a detailed
explorationoftheaerodynamiceffectsof stresmwisegapscharacteristic
of aircraftemployingall-movablewingsappearsdesirable.Thepresent
investigationwasconductedintheAmes6-by 6-footsupersonicwind
tunnelata Machnumberof1.4andat a Reynoldsnumberofapproximately
2 millionperfootwitha testmodelcomprisedofa pointedcylindrical
bodyanda low-aspect-ratiotriangularwing,thetwopanelsofwhichwere
individuallysupportedatvariousgapdistancesfromthebody. Thetests
wereconductedwiththebodyandwingbothatangleofattack,andwith
thebodyat zeroangleofattackandthewingdeflectad.Resultsforthe

tiiii
.. ,-,
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effectsof gaponliftandpitchingmomentsof

3

thewing-bodycombination
. snditscomponentpartsarepresentedin graphicalformandcompsredwith

pertinenttheoreticalcalculations.

Pertinentsymbolsand
givenbelow:

msximumchordof each

widthof gap
line,in.

localstatic

NOTATION

theirmeaningsasusedinthisreportare

wingpanel,in.

betweenbodyandwingpanel,measuredalongthehinge

pressure,lb/sqft

referencewallpressure,lb/sqft

dynsmicpressureof free,stream,~ PV2,lb/sq

semispsmofwing-bodycombinationwhenno gap

chordwisedistancefromapexofwingpanelto

hingemomentofwing,lb-in.

pitchingmomentaboutthehingeline,lb-in.

ft

exists,in.

centerofpressure,in.

areaofwingformedby joiningbothwingpanels,sqft

velocityoffreestream,ft~sec

normalforce, lb
Hcoefficientofhingemoment,—qsc

Mcoefficientofpitchingmoment,—
qsc

P%%coefficientofpresswe,~

zcoefficientofnormalforce~~

angleof attackofbdy axis}deg

angleofwingdeflection(anglebetweenchordplaneofwingandbody
axis),deg

massdensityoffree
%=

-M
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APPARATUS
.

TheexperimentalinvestigationwasconductedintheAmes6-by 6-foot
windtunnel.InthiswindtunneltheMachnumbercanbe variedcontinu-
ouslyandthestagnationpressurecanbe variedtomaintaina giventest
Reynoldsnumber.A descriptionofthisfacilitymaybe foundinrefer-
ence8.

Figure1 showsa photographofthetestmodel,allpartsofwhich
aremadeof steel.Thecylindricalbodyhasa modifiedogivalnosesec.
tinn. Thetworight-triangularwingpanelsaresupportedindependently
withrespecttothebodyina midwingpositionalongtheconstant-radius
sectionofthebody. Thetwobeamssupportingthewingpanelsarearticu-
lated1/2inchaftofthetrailingedgetopermitdeflectionofthepanels
withrespecttothebody. In orderto sfmulaterotationabouta fixed
hingeline,translationofthewingpanelswasprovidedby theuseof
clampingblockshavingcorrectdimensionsforeachangleofdeflection.
Thewingpanelscanbe setatanygapdistanceup to9 inchesfromthe
bodyby meansof anarrangementofmotor-drivenleadscrewsandcarriages.
A countergesredto themotorshaftenabledthesettingofthegapfrom”
outsidethetunneltestsection.

Normalforcesandpitchingmomentsonthecompletebodyincluding
thesectionupstreamof theapexesoftheunreflectedwingpanels(here-
afterdesi~ated“nose”)andthesectionaftofthetrailingedgesofthe
wingpanels(termed‘~afterbody~~)wereobtainedfromthestrain-gagebalance
onwhichthebodywasmountedinthewindtunnel.Inaddition,pressure
measurementswereobtainedthroughtheconnectionofpressureorificesin
thebody(seefig.2)toa multiple-tubemanometeremployingtetrabromo-
ethylene(sp.gr.2.96at70°F) asa fluidandhavingitscommonsump
ventedtoa referencewallpressurejustupstreamofthemodel.

Straingagessffixedtothebeamssupportingthewingpanelsenabled
themeasurementofbendingmomentsattwostresmwisestationsfromwhich
normalforcesandthestreamwiselocationofthecentersofpressures
couldbe calculatedasexplainedinthefollowingsection.

Furtherdetailsofthemodelwe summarizedbelowor showninfig-
ures1 and2.

Body
Finenessratio,len@h/diaeter. . . . . . . . . . . . . . . . 12.47
Over-alllength,in. . . . . . . . . , . . . . . . . . . . 44.88
Distancefromnosetip”t~:
Endofogival.nosesection(beginningof constant
section),in. . . . . . . . . . . . . . ,. . . . . ● . . 22.50

Apexofwingpanels(atzerodeflection),in. . . . . . . . 24.60
Trailingedgeofwingpanels(atzerodeflection),in. . . . 35●90
Imaginaryhingelineofwingpanels,in. . . . . . . . . . . 32.13

Diameterof constantsection,in.- . . . . . . . . . . . . . . 3.63
~~;.~, :

—

.
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Wingpanels
Airfoilsection. . . . . . . . . . . . . . . symmetricdoublewedge
Thickness(percentlocalchord). . . . . . . . . . . . . . . . . 5.0
Locationofmaximumthickness(percentlocalchord). . . . . . . 62.0
Maximum(root)chord,in.. . . . . . . . . . . . . . . . . ..11.30
Sweepbackangleof leadingedge,deg . . . . . . . . . . . . . 60.0
Area,eachpanel,sqft. . . . . . . . . . . . . . . . . ..0.256

Wing-bodycombination
Semispan,withzerogap,in. . . . . . . . . . . . . . . . . . 8.33
Ratioofbodydiameterto spanwithzerogap . . . . . . . . . 0.216

TESTSANDPROCEIXJRX

Thetestswereconductedata Machnumberof1.4andat a Reynolds
numberof2.OXIO*perfoot. Normal-forceandpitching-momentdatafor
thebody,andnormal-forceandcenter-of-pressuredataforthewingpan-
elswereobtainedinthe aseof zerowing-deflectionoveran angle-of-
attackrangeof -4°to 18 foreachofthenominalgapwidthsof0.002,
0.010,O.0~, O.1~, 0.200,O.~0, 0.600,0.800,1.00,2.00,4.(M,and6.00
inches.Similardatawith.thebodyat zeroangleof attackwereobtained

● overa rangeofwing-deflectionanglesfrom-2°to 16°at allthessme
gap-widthsettingsasaboveexceptthefirst.Anglesof attackof the
wing-bodycombinationincludednom@alvaluesof+4°,&2°,*lo,@, 8°,12°,. and16°. Sinceanglesofwingdeflectioncouldnotbe variedcontinu-
ouslybuthadtobe setwiththetunnelnotoperating,timelimitations ,
restrictedtheseanglesettingsof+2°,4°,8°,and16°. Inaddition
to thedataobtainedasaboveby meansofthestrain-gageequipment,
pressuremeasurementsasreadonthemultiple-tubemanometerwererecorded
photographicallyat anglesofattackof *2°,4°,8°,and12°(5= O) and
at anglesofwingdeflectionof ~“, 4°,8°,and16o(a= O). A repeat
runwasmadethroughtheangle-of-attackrangeatthegap-widthsetting
of0.200inchto checktherepeatabilityofthedata.

Theprocedureadoptedin settingthegapbetweenwingpanelsand
bodywastousestandardfeelergagesforgapwidthslessthanO.~ inch
withthetunnelinoperative,butto employthemotorandcalibratedcounter
to obtainthelargergapwidthswiththetunnelinoperation.

DATA

Reduction

0 Thestrain-gagebalanceonwhichthebodywasmountedwascalibrated
by applyingknownforcesandmoments.Bodynormalforceandpitching
momentwerereducedto coefficientformusingthecombinedareaofthetwo.
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wingpanelsasthereferenceareaandthemaximumchordofthewingpanels
asthereferencelength.T%epitchingmomentswerecalculatedaboutthe
hingelineofthewing.

—.

Inthecaseofthestraingagesonthewingbesms,loadswereapplied
onthewingpanelsandalongthebesmsat a numberof selectedstationsin
orderto locatethecentersof actionofthestraingagesonthebeams.
Calibrationsof themomentsattwolengthwisestationsof eachofthe
cantileveredwingbeanswerethenmadeby applyingknownloadsatvarious
measureddistancesfromthestrain-gagecenters.Testdataobtainedon
thewingpanelswerereducedtonormalforceandlocationofresultant
normalforceasfollows:

Thesketchbelowshowstheessentialfeaturesof a wingpaneland
itssupportingbeeminthegeneral case of angleofattacksndofwing
deflection.

where

z normalforceonwingpanel

c chordforceofwingpanel

c chordofwingpanel

b 4*74h.

d 7.72in.

e 0.55in.
●✎

d



NACARM A55D08 x,~ ,“

Themomentsaboutpoints(1)and(2)inthe

7

sketchare,respectively,

M== Z(f+e+bcos8)-Cb sin~ (1)

M2=Z[f + e+ (d+ b)cos81 - C(b+ d)sti8 (2)

fromwhich
&-Ml =Zdcos8-Cdsin8 (3)

snd

(k)

Qso, fromequations(1)and(2)

M1+Cbsin8
xcp=c-f=c+e - dcos8+bcos5

-Mz+Cdsin5 (5)M2

. Inthecaseoftheundeflectedwing(5= O),equations(k)and(5)become

‘0 M2 - Ml
Z(8=O)

=—
d

(6)
,

and

(%?)(w)=c+e+b -
(MJM~)-1

(7)

sothatthechordforce C neednotbe takenintoaccount.Inasmuchas
Ml andM2 arecomputedfromthecalibrationwhichinvolvedonlynormsl
loads,sadsincetheproductofthechordforce C andthesineortan-
gentoftheangleofwingdeflectioninthepresenttestisverysmall
comparedto thenormalforce~ theequationsUSedto comPutez andxc
forthedeflectedwingpanelswereobtainedfromequations(4)and(5Y
by neglectingtheeffectoftheunknownchordforce.~USj forthe~ng
deflectioncase

M2 - Ml
z =—

d COS 8
(8)
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Xcp=c+e-
[ 1(M2/M~)- I - b Co$8

Normalforceandhingemomentson eachof thetwowing
to coefficientforminthesamemannerasforthebody

(9)

panelswerereduced
andwereaveraged

to givevaluesforthewing. Likewise,thepositionsofthecenterof
pressurewerenondimensionalizedintermsoftheroot chordofthewing
panelsandwereaveraged.

Correctionsto angleof attackof thebodyweremsdefromtheresults
of a deflectioncalibrationof themodelsting.A correctionwas also
appliedtotakeintoaccountthenecessarybutsmallclearancesbetween
thebodysndthestrain-gagebalance.Thislattercorrectionhada magni-
tudeof0.15°.

Calibrationwasalsomadeto determinetheeffectofmagnitudeand
locationofnormalloadsofthewingpanelsontheincreaseofwinginci-
dence.At thewidestgapwidth(6in.),theincreasein theincidence
ofthewingwassomewhatgreaterthanthatatnarruwgapwidths;however,
therateof increaseofangulardeflectionwithnormalloadsobtainedfor
smsllgapswasusedto computevaluesofwingdeflectionat allgapset-
tings.Thecorrectionsappliedtothenominalvaluesofwing-deflection
anglesdependeduponbothmagnitudeofnormalforceandthepositionof
thecenterofpressuureofthewing,andwereaslargeas0.89° atthe
largestangleof attackwitha gapwidthof0.010inch.

In orderto obtainthevariationofnormalforcewithangle.of attack
undertheconditionof zerowingdeflection,theincludedeffectsofthe
load-inducedwingdeflectionswereestimatedfromthevariationofnormal
forcewith 5 andsubtractedfromthenormalforcesobtainedin theangle-
of-attackcase.No accountwastakenoftheslightdisplacementofthe
wingoutofthedismetralplaneofthebodyduetothebendingofthe
supportingstructureofthewingpanels.

Somestreamcurvatureatswersonicspeedshasbeenseento existin
Theyawplaneofthemodel(ref.8). However,resultspresentedinrefer-
ence9 indicatethattheeffectsofthiscurvatureonthemeasuredchar-
acteristicsofthepresentmodelshouldbe small.

No attemptwasmadetomeasurethemagnitudeofexternslforceson
thewingbeamsduetothedownwashfromthemodel.However,although
completeshieldingofthebeamsseemedimpractical}coverPlateswere
installedacrossthestraingagesofthebeamsin sucha mannerthatthe
majorportionofanyexternalloadswouldbe cerriedby thebesmaftof
themostresrwardstraingage.In addition,thewidthofthebeanswas
keptas smallaswascompatiblewithstructuralstrengthrequirements,
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sothatanyaerodynamiceffectsonthebesnmwouldbe minimized.In com-
parisonwiththemomentsengenderedby thewingpanelsatthetwostrain-
gagepositionsonthebeams,thecorrespondingmomentsdueto anyexternal
forcesactingonthebeamsthemselvesarejudgedtobe so smallasnotto
sffecttheresults of thetestswithinthelimitsofmeasuringaccuracy.
Therepeatabilityofthedataindtcatedthatnormal-forcecoefficients
ofthewingpanelscouldbe measuredtowithin*0.01andtheangleof
attackandwingdeflectioncouldbe settowithin*O.lOO.

Normal.forcesonthatportionofthebodyincludedbetweenstations
oppositetheapexandtrailingedgeofthewingwereobtainedby double
graphicalintegrationoftheplottedpressuredata. Althoughthenumber
ofpressureorificesonthebodywasinsufficient
accuracyindeterminingabsolutevaluesofnormal
isplacedintheaccuracyoftheratiosofnormal
gapspresentto thosewithzerogap.

RESULTSANDDISCUSSION

fora highdegreeof
force,greaterfaith
forcesobtainedwith

Variationsofnormalforcewithangleof attackforthewing,complete*
body,sndbodyexclusiveofnoseandafterbodyinthecaseof zerowing
deflectionwe givenfora numberof gapwidthsin figure3. Figure4

. presentscorrespondingresultsforzeroangleof attackandvariablewing
deflection.Fromthesetwofigures,andfromsimilarplotsforother
gapwidthsnotshown,thevariationswithgapwidthoftheratiooflift
toliftwithzerogapshowninfigure5 wereobtained.Thevalueforthe
liftwithzerogapintheangle-of-attackcasewastskenasthevalue
obtainedatthesmallestgapwidthtested,0.002inch. Inthecaseof
wingdeflection,thesmallestgapwidthforwhichdatawereobtainedwas
0.010inch,soa large-scaleplotof Cz versusgapwidthinincheswas
usedto extrapolatedawnto a 0.002-inchgapforthevelueof CZ with
zerogap. Thisprocedureisbelievedtohavegivenconservativelylow
valuesforzero-gapliftsineaehcase.

Figure6 showstheeffectupontheliftofthewing-bodycombination
ofrelativelysmallgapsendpointsoutmoreclearlythanfigure5 the
discrepanciesbetweentheoreticalandexperimentalresults.

Theeffectof gapupontheeffectivenessoftheall-movabletingas
a controlsurfaceis showninfigure7. Theexperimentaleffectiveness
parameter,-* definedby

(b%/b@~=o
da=

-x (acdaa)cz=o

,
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wasobtainedbymeasuringtheinitialslopesofthecurvespresentedin
figures3 and4.

Figures8,9, and10 showtheeffectof gapuponthemomentcharac-
teristicsofthewingandbodyforthecaseof zeroangleof attackand
variabletingdeflection.

EffectofGapUponLiftCharacteristics

Wing.- Oneparticularlynoticeableeffectof gapupontheliftchar-
acteristicsofthewingisapparentinfigures3(a)endh(a),namely
theintroductionofnonlinearityintothecurvesofnormalforceversus
a and6. Thereasonsforthenonlinearityforswillgapsandlsrgegaps
arebelievedtobe different.Atverysmallgapwidths(lessthan0.2
inch),thegapproducesa noticeablelossinnormalforceforsmalla or 8
butnoneorlittleatlargerangles.Thatthepercentageiossesinlift
at anglesne~ zeroarenotaslargeaspredictedbytheory(fig.5(a))
isattributedchieflytoviscouseffects;atlsrgeranglesandwithvery
smallgaps,thepercentagelossin liftisessentiallyzero,presumably
becausetheflowinthegapis choked.In tlecaseofthewidergaps,
thenonline~ityofthenormal-forcecurvesmaybe thephenomenonfound .
forlow-aspect-ratiowings, sinceeachwingpaneltendsto actasan
independentlow-aspect-ratiowing. Otherfactorsinvolvedintheobserved
gapeffectsmightwellincludetheeffectsoftheboundarylayersurround- “
ingthe”bodysndoftheshockwavesemanatingfromtheapexesofthewing
panels.

Figure5(a)showsthattheslender-bodytheoryofreference3 agrees
reasonablywellwiththesmell-angleexperimentalresultsforthewing
ofthewing-bodycombinationInthewidergaprange,consideringthatthe
testmodelwasonlymoderatelyslenderintheterminologyofthetheory.
(Theexperimentalliftratiosshownforvaluesof u and8 between0°
and1°wereobtainedfromtheinitislslopesofthecurvesoffigures3
and4.) Evencloseragreementbetweentheoryandexperimentisobtained
inthecaseofwingdeflection(a= O)by applyingthemethodsofrefer-
ence4 inwhichthebodyisassumedto carryno liftbutto actasa per-
fectreflectingplane,andinwhichtheliftratioforthe“effectively
infinite”gapwidth(equalto0.680wingsemispanforthepresenttes,t
model)wascalculatedbymeansoflinearizedsupersonictheory.

Bow.- As Inthecaseofthewing,oneeffectof a gapuponthelif’t-
ingch=acteristicsofthebodyisthecomparativelylargedecreasein
normslforce foranglesofattackorofwhg deflectionnesrzeroandthe
smallerdecreasesatlargerangles(figs.s(b),3(c),h(b),and4(c)).
The nonlinesrvariationof bodynormalforcewithangleofattackorof
wingdeflectionisprobablydueinlargeparttotheseinephenomenasug-
gestedabovein connectionwiththeeffectsofgapsupontheliftofthe

xii .&,%:.,
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wing. In addition,theremightbe mentionedtheviscouscrossforceon
thebodyatthewidergaps,sndtheeffectsoftheverticallydisplaced
pressurefieldsofthedeflectedwingpanels.

Figure5(c)showsthatforanglesof attackor ofwingdeflection
neerzero,slender-%odytheorypredictsquitewellthepercentlosses
in liftonthatportionofthebodyexclusiveofnoseandafterbody,
exceptforthetwoorthreesmallergapwidthstested.It isinteresting
tonotetheeffectoftheafterbody(notincludedinthetheoretical
resultsofref.3)ontheliftratios.In thecaseofwingdeflection,
wheretheno-secarriesno lift(u= O),theexperimentaldataindicate
thatat englesnesrzerotheportionofthetotalbodyliftcsrriedby
thesfterbodyincreasesfrom12percentat zerogap(extrapolated)to 23
percentat a gapof0.012semispan,butis zeroforgapsofO.0~ semispan
andlarger.Thisvariationofafterbodyliftisreflectedi.nfigure5(b)
whichshowsthatthepercentlossesin liftaresomewhatsmallerforthe
abovenarrowgapsandslightlylsrgerforthewidergapsthenthosegiven
infigure5(c),a=O. At lingeranglesofwingdeflection,liftis
apparentlyrecoveredthroughtheupwashinducedby thewingontheafter-
bodyat allgapwidths,andthepercentlossesdueto gapeffectsarethus
reducedfromthosewhichwouldobtainiftherewereno afterlmdy.

. Inthecaseof angleof attack(5= O),comparisonoffigure5(b)
with5(c)givesthecombinedeffectsofnosesndafterbodyliftinmodi-
fyingthepercentlossesinliftdueto gap. Thetheorypresented,fiich
doesnotincludetheliftoftheafterbody,predtctssmallerlossesin
l“lft,percentagewise,whentheliftofthebodynoseis addedto thebody
liftinducedbythewingbecauseat supersonicspeedstheliftofthenose
isunsffectedbythegap. At anglesof attacknearzero,however,the
experimentalresultsshowjusttheoppositetrendforgapwidthsless
than10percentofthesemispanwhentheliftsofbothnoseandafterbody
sreaddedtotheinducedbodylift.Evidentlyintheangle-of-attackcase
thelossesin liftoftheafterbodyat smsllgapsandsmallanglesmore
thanoffsettheeffectofthenoselift.Withincreasingangleof attack,
thedatashowthatan increasinglylsrgerportionofthebodyliftis car-
riedby thenosesothatthepercentlossesshowninfigure5(b)forthe
bodyinclusiveofnosesmdafterbodyatthetwolergersnglesaresmaller
thanthosegiveninfigure5(c),5 = O.

wing-bodycombination.-~e resultsobtainedindividuallyforthe
wingandbodysrecmnbinedto givetheeffectsof gapupontheliftof
thewing-bodycombinationinfigures5(d),6(a),and6(b).

Agreementbetweentheoreticalendexperimentalresultsatangles
nearzeroisfortuitouslycloserintheangle-of-attackcasewhenthe
liftofthenoseandefterbodyis included(fig.6(a),~ = O) thanwhen

. suchliftisnotincluded(fig.6(b), b = O). Thiscloseragreementin
thefirstinstanceisdueto thefactthatalthoughthetheoryoveresti-
matesthepercentlossesintheliftofthewingandofthebodyexclusive

.
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ofthenoseandafterbody,itunderestimatessuchlossesinthecaseof
thebodywhentheliftofnose andafterbodyis included,asexplained
intheprecedingsection.Similarly,thetheoryis closertomeasured
valuesintheangle-of-attackcase(8= O) thaninthecaseofwing
deflection(a= O) sincethenosecsrriesno liftinthelattercaseend
theabovecompensatingeffectsareabsent.(Seeftg.5(d).)

Resultsshowninfigure5(d)indicatethatonlyforanglesof attack
orofwingdeflectionnearzeroendforgapswiderthin’‘jpercentofthe
wingsemispandoesslender-bodytheorypredictsatisfactorilythepercent
lossesinliftdueto gapeffects.Thepercentlossesin liftwithnsr-
rowergaps,althoughsignificantat smallangles(a,~< 50),areonly
fractionsofthosepredictedinthetheory.In therangeof smalIgap
tidths,thediscrepanciesbetweentheoryandexperimentaremoreeasily
seeninfigure6(a),wherethescaleof gap-widthparameterhasbeen
increasedfivefold.

—
Forexample,figure6(a)showsthatwhereastheory

predictsa 25-percentlossinliftdueto a gapwidthof0.1percentof
thewingsemispan,thecorrespondingexperimentallossisonly7 perce~t-_
forsmallanglesof attackandis zeroforanglesofattack~eaterthan
50. Similarcompmisonscanbemadein thecaseofwingdeflection.

Forallgapwidthstested,figure5(d)showsthatpercentlossesin
liftdecreasewithincreasingangleof attack(6= O) or ofwingdeflec-
tion(u=O). Thiseffectismorenoticeableforsnglesof attackthan
foranglesofwingdeflection,andisrelativelylsrgerfornsrrbwthan
forwidegaps.As a consequence,althoughpercentlossesinliftdueto
gapeffectseremoresevereinthecaseof 5 = O thaninthatof a = O

,

forsmallanglesaspredictedby theory,thereverseistrueforsngles
as lsxgeas5° ormore,exceptforthewidergaps.

It isinterestingto.noteinfigure6(a),a = O, thattheapproxima-
tionforthegapeffectsuponliftmadebyMirelsinreference2 is
remarkablyclosetothesnalyticresultofreference3. —

EffectofGapUponEffectivenessofAll-Movable
Wingasa ControlSurface

It isoftenofinterestto comparetheliftobtainedby a given
deflectionof a wingcontrolsurfacewiththatdueto an equalangleof
attack.Forthepresenttestmodel,theentirewingisthecontrolsur-
face.Theusualparameteremployedto expresstheeffectivenessof a
controlsurfaceis

—
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.
Inasmuchasthevariationofnormalforceofwing
withangleof attackorofwingdeflectionbeyond

13

orbodyisnotlinear
1° or2°witha gap

present,theresultsshowninfigure7 arerestrictedto anglesneu zero
(ortoverysmallliftcoefficients).

Figure7(a)showsthatthetheoryagreesina qualitativemsmnerwith
thepresentexperiment,butthatthequantitativeagreementisrelatively
poorforgapwidthssmallerthsn20percentofthewingsemispan.

Comparisonoffigure
fortuitousimprovementin
resultswhentheliftsof

7(a)withfigure7(b)againdemonstratesthe
agreementof theoreticalwithexperimental
thenoseandafterbodyaretakenintoaccount.

EffectofGapUponHingeMoment
DuetoWingDeflection

Unfortunately,
couldbe calculated
muchthesaneorder
selvesintherange

theprecisiontithwhichhinge-mcmentcoefficients
(~ .W)h)fromtheexperimentallyobtaineddatais of
ofmagnitudeasthevaluesofthecoefficientsther-
eofwingdeflectionsnglesfrom0° to 4°. Consequently,—

. noveryhightrustcanbe placedinthepeculiarvariationofthehinge
momentwithnormalforceobservedinfigure8 atthesmallervaluesof
thelatter.Onlyatthehighervaluesofnormal.forcecana consistent

. trendofvsriationofhingemomentwithgapwidthbe observed;nsmely,a
decreaseinhingemomentfora givennormalforcewithincreasinggap
widthfora rangeof gapwidthextendingto approximately5 percentof
thewingsemispan,followedby a monotonicincreasewithfurtherincrease
ingapwidth.!I!hecorrespondingtravelof thecenterofpressureis shown
infigure9. (Nocurvesforsmsllanglesofwingdeflectionsregiven
duetounreliabilityofthedataat lowvaluesofnormalforce.)The
slender-bodytheoretical.resultsofreference4 srealsogiveninfigure9
forcomparison.As canbe seen,theexperimentaleffectsof gapuponthe
chordwiselocationofthecenterofpressureofthedeflectedwingbesr

—

a qualitativeresemblanceto thosegivenby theory.However,therange
oftravelofthecenterofpressuredueto gapeffectsismoreextreme
andfartherforwardonthewing

Ef~ectofGap
BodyDue

thanindicatedby slender-bodytheory.

UponPitchingMomentof
toWingDeflection

In general,figure10 showsthatfora givennormalforceinducedon
thebodybythedeflectedwing,thepitchingmomentofthebodyaboutthe

. hingelineisnegativeandfirstincreasesin absolutevaluewithincreas-
inggapwidthto a maxbnunvalueat smallgapwidth,andthereafter
decreaseswithwidergaps.Thetravelof thecenterofpressureonthe

. x~ -_-.L.. .
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bodyisthussomewhatsimilarto thatnotedforthewinginthepreceding
.

section,althoughtheresultantofthebodynormalforcesisaftof the
hingelineratherthanforwardason thewing(due,no doubt,to theeffect -
oftheafterbody).

Fromtheresults
gapupontheliftand
combinationat a Mach
cated:

1. Introduction

— .

CONCLUSIONS

oftheexperimentalinvestigationoftheeffectsof
pitchingmomentof a moderatelyslenderwing-body
numberof1.4,thefollowingconclusionsae indi-

ofa gapbetweenwingandbodyresultedina non-
linearveriationofliftwithangleof attackandofwingdeflection.
Thelsrgepercentlossesinliftdueto gappredictedby theoryweresen-
siblyrealizedonlyforanglesof attackor ofwingdefiect’ionnearzero
and,forgapwidthslargerthan5 percentofthewingsemispan.Forg~
widthslessthan1 percentofthewingsemispan,significantlossesin
liftoccurredonlyat anglesofattackor ofwingdeflectionnearzero.

2. At allgapwidthstested,thepercentlossesinliftdecreased .
withincreasingangleof attackorofwingdeflection,moreso inthecase
of angleofattackthaninthecaseofwingdeflection.

.

3. Aspredictedby theory,thepercentlossesin liftdueto gap
werelargerintheangle-of-attackcasethti.inthecaseofwingdeflec-
tionforsmallangles.At largerangles,thereversewasfoundtobe
trueforsmallgapwidths.

4. In general,thecenterofpressureofwingsndbodyInthecase
ofwingdeflection(a= O)movedresrwsrdwithincreasingsmallgapwidths
butreversedthistrendwithyetwidergaps.

5. Thelengthofthe.sfterbodymaybe of significanceindetermining
thepercentlossesin liftdueto gap,particularlyinthecaseof zero.—
wingdeflection.

AmesAeronauticalLaboratory
NationalAdvisoryCommittee

MoffettField,Calif.,
forAeronautics
Apr.8, 1955
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